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mmmcrMM] 

umm i ] *-v*+ym&mmu b e 2 a 1 b* 

U B E 2 G 1 aiE^WJ^t MM&h 

[ if *ji 2 ] Lfc3ie^*»u b e 2 g 1 m&rfmm 
2cdx.7v y-Q-fo h m^m 1 tzssapm b t- 11153. 

[11*113 ] «0>3Mrf#*:*V>r ^VHttmfS^T^ 
1 ta««UB E 2 G 1 3tg?X«#t Mfr 

ft. 

[3W&H4] ***^*fcli^xo*:SffiT*4, If 
1 JbM3 <3V v$Yu&»fciB«<OU B E 2 G 1 jlfi^X 
MM*. 

fl*»tiBtt«OU B E 2 G 1 jt&frXii^h Mftflj. 

[ if *il 6 ] *&$tMRfi?E -r/MBflrr* s If *il 5 1 

ISK^U B E 2 G 1 Sfc^PJNb MM*. 

«v^-m*H;iaa<5ou b e 2 g 1 m&tts&tt hm 

[000 1 ] 
[0002] 

[0003] ^*J; 9 . KffcHDS (Embryonic stem eel 
l:ES» fcJKmK«t&F*aA^-4i:K*<^ 

(Evans, M.J. and Kaufman, M.H., Nature, 292, 154 

(1981) ) . * i/c-toa, L^ae^ 

£ (Bradley, et al., Nature, 309, 255 (1984): Thomas 
S Capecchi, Cell, 51, 503 (1987): Roller, et al . , 
Proc. Natl. Acad. Sci. USA, 86, 8927 (1989)) „ £ 

StL"CV^(ES-D3$IJ3a ; Doetschman, J. Embryol. Exp. 



Molph. ,87, 27 (1981):CCE*HJK; Robertson, Natur 
e, 323, 445 (1986): BL/6IIIifflJfe; ledermann, and Bu 
rki, Exp. Cell Res., 197 , 254 (1986)) „ ZCD£o% 

mmMzm^xftftZiifcMm^FmpF-kmwsb lt 

tt. HPRTmizrF%.fm.~? 1 JX (Hooper, et al., Natu 
re, 326, 292 (1987): Knehn, et al., Nature, 326, 2 
95 (1987)). WNWM.Gr¥*>-~: ->X'tbhv 5 3ZX$;L 
tZP 5 3:X^^"-7X(Donehower, etal., Nature, 356, 

215 (1992)). /3 2 S?n/P7'yylfiffI'7W 
(Zijlstra, etal., Nature, 344 , 742 (1900)). 
,|€f^V)Xi7)RAG-2 (V(D)J recombination 

activation gene) SSPfV^X (Sinkai, et al., Cel 
1, 68, 855 (1992). ^'ISSSilTV^ m^Cit. 

rmfyyy-y ymm^-xmmm mmw- s - 1 
31021 . mmwMmmm'WMMizz ->x 

mm-mxh ^xin^'Jyy^Uxin^'Jy 
y- lXMh^yXi?* — >v7~?iJxmm?¥-Q- 5 0 
7 9 2 5#4&*> * SEBBRgSS, MfMS^wtf 
/HH&i: LTffiffl^Tt^TRE B 5«fcfV>-§IS£** 

v^f i/yweatrFtawsfLfcTRE b 5itfs^x* 

(WRFP8 - 1 4 0 5 2 7-f-^fg) . 'J 'J >S 
I 1 3&»£>x? y yv^'^7^f y yWffi3i&Ffc:M»3 

ftfcL-PGDS Sef^l7"7X (ftHHF 1 1-332 
< «t 3 tb t- C D 4 £ 3- r-'-fSlc^ia&f- b H L A 

d Gm<m$m&=f- * 3- H-r^ng^ia^? t «t -?tb 

fiJi^f^b r-«?U&!fej<«IM¥9 -500025f& 
fg) . Sxq^W yf- i*3l^«ltg^aV7X(# 
^12000-11628 O^fS)^. *3fc*«ffcfiMr 

sflfcfto. £^sj^sftj <mmi§£m. mmm.^, m 

T'J, 14 (20) (1996). #±t±) fciatt$#i , rv^. 

[0004] — 3u fiSW^MWfcfcWWfcfcSCE** 

^■CSSt-fcS. j-b^f-yyx-rA{i;*«ge«*jS 
iRW^b'^r^y-ftL. 7°aT-ry-2Aii-lt?^tw<^ 
•c* o . fta ■ wj^fij • mmm®, ■ wmmm ■ 

mm*nz-xnmzmf ztix a o . jjew ± -5 ^ian 

3&»<3**. f^*>. J-b'^^yiiib^^yStt^p 

* (UBE 1 ^Jt(iUBA) b ATP(Cj:oTC5SSSc?) 
G 1 yaa^'T-f-/Ht,$tL. U B E 1 «#g«C y s 

*^-y\±3-v*r^-ymi$wm (ube2^i±ubo 
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fLS^i:. JLb'^rf-^U^y— b ( UB E 3 t^UB 

§ *> aaaaawcte^ LfcjLt*^^ y^rtw l y 
mm § a . wtssg swam t-t v - at* 

»$*1.4 . at^f>^ift*SU B E 2 2; JLt'^ 
f>"J IfC* I.UBE3 r 5 U -SrffM 

T^4 £ffljff£;fxT^4. 

[0 0 0 5] jfethhcDNA^n-y 

t^jMWfTissBtctsv^T . ^b^ u b 

f5|»R*UBE2Gt*ftltfc(»BIPl 1 9-3 0849 
2-9&fl) . h#Wft*JV^T, tlUB 

E 2 GOmR N AtifilgJST'^ < SBH"T 4 fl#\ 

y Bg@a^'jt± i707s swmtrt>%*) , ^ftfcbfc-? 

Tlt&y'iSltf) U B C 7 t -en-f^X 5 2 7 6% 

<?5tte"C-SfcU ^b'^r^y^P« ( UBE 2 ) jgfi 
ti^Ii:Sn4C y s*H£fc«£§;fVOVfc. ^ Jtfflflt 
^SaSSrfflV^Siati UBE2G^UBE l#c 
MtaK^fyJ: f-sj-x^^m^- 4 £ t t^^ti 
iz„ £~>Xl\tlL><nc\bfrh. U B E 2 Gj^fffflcO^-b' 

^ff-^is^iPaKT&iifcjWBajsiifc. arts, sipj 

ffl*K*JV^T(i. *^4 itr^rf->1jr^B*U B E 2 G 
£UBE2G1 fc , i»**3-|«t4IfifiUBE 
2GlSf^i:»-r4« 

[0006] UBE2G1I1 1W&ifiF£tStvCW£5fi< 
KSfufc. ^-CWffiWJ-b'Jr^v^P* (UB 

e 2 ) ^7i^)««fio =t o zsmnfflmmmz 

mm l x tj •? . * ix £> t *h«<?h 4 1 <r 4 fc$ss lt 

^4. L*»L*s&*6, UBE2G1I1 

y'XlD7 -r 3 fcJS&fc** fc # £ £>ftfc . 
[0 0 0 7] L^Ls ItlhCDftmiz-o^Xii+frlzm 

O^T(iWBJ^#jS* 1 »<S^tLT^4 „ UBE2 
Gl^£ffc£fctf4fM£#FJILTVK UBE 
2G1 ££<^L&^jb^L<li**U&»*SiL&V* 
J: o 3r, FJflgU B E 2 G 1 a&BgS^^Wft^f ^ 

[0008] 

imi&mkt*. 0 b-tzmmi *mnt, u b e 2 g 

1 «0*aft5Pfcf5BW, #tey>iMMW^ffl£H^H; 



t , tfsicjs wube2gi ^M-^-r 4 a* comm 

tzmz^m^^>v§m. -tth-hu b e 2 g 1 ag^- 
*3i#t h »!fti£»r4 i i: & arc t -r 4 . * tz*m 

Wli. WkMmf&tTA'b LT±IBU B E 2 G 1 
^X*#b i * BWfc-f 4 . 

[0009] 

[aS^»^-T4^*^S] *fKB#^J4, ±1211® 
£JB&-r 4 fe»fcH««*»flt**f o-C b i 4 . it 
&Fj§fis*fflVVt b h J-b'df ^-y^PS ( U B E 2 G 
1 ) *^£»^fc«*r4«5&^?*-£»* 
L, i*ikffirafl5ffl«i*eiS-fr4ii:fc:J:"3, UB 
E2G13tfE^*««$#X, ^O^S, ib"df^-y$S^ 

»*?stt* swfe Lfc^ b h wmtm hKh ; t £maj l 

fc. ftftS^J^ti. *^BJ!#^{i:. UBE2G1 »fefc?) 
V^(Cfc(tftffiraafirF*fflV^T, UBE2G1I6 

B E 2 G 1 <lfc«WB*^UTlWjllK^ 

?±x l , famco?mt,z&m Lx^.mmi(D^ x^wmit 

nXaMWlft (+/-) £fftiiU $^tc^rn^«S 

- ) . -«:t»fea&p*C55505ri: i> U B E 2 G 1 
Wlza-V L*V^3HEU BE2G1 3B&?£ ^r-fS - a 
W«l7yxyx-7^#hi HHHtd^l ^ix 4 ; i: ^fl 
BUS. *% B J«i. *»A»4ttSt=3£-^V>T^jS§nfet 

coT-fco. Tie ( i ) - ( 7 ) fciWfiSMBtfi-M-i 

i«T'*4 : 

( 1 ) 3-t~*j-ym&mmu b e 2 g 1 sm- F-f 4 u 

B E 2 G 1 ilfe^ C7)^;g|5^ L < 14— , * 

B E 2 G 1 m&ttMitt. hwm. 

(2) X9k LfzmttW B E 2 G 1 ®&?C0|g2«x 

^ y y-r-fc 4 ( 1 ) izimcou b e 2 g 1 ifi?^ 

b Mft^ 0 

( 3 ) ^yWttitfE^T'*4 
( 1 ) fciettSOU B E 2 G 1 Jlfefyta^^b hWffe. 
( 4 ) ^ ; fcXtSffl4^(4^-fn^gy-C" £ fe4 , ( 1 ) ft 
m ( 3 ) ^^X^HilEttOU B E 2 G 1 l&BaWt 

( 5 ) ^^^MMT*4 ( 1 ) ftm ( 3 ) <7)V^m*»t 

ibk^u b e 2 g i Mm^-ximt hwm. 
( 6 ) iff*sR*wt*f A«fflrc»4 ( 5 ) vsmetu 
b e 2 g i mm^xmtt. hwm. 

( 7 ) #b MfiBrt^^Tft* ( 1 ) ( 6 ) <?)V^ 

~ftiMzmm<7>u b e 2 g i mm^xmtt bwm. 

[0010] 
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I U P AC - I UBiDlg C IUPAC-IUB Communication 
on BiologicalNomenclature, Eur. J. Biochem. , 138: 
9 (1984)] N rSXBfflXJltTSSWBM&iSt&iMm 
Wcoiff&cofzfocDtfJ V ? -f y j ( tffirfM ) 

[0011] ifc, DNA«9-&j£, j^Hffit&FSf^T 

36^L<J±-en^tJt6tT^tCtf 3i fc]^C*« CMo 
lecular Cloning 2d Ed, Cold Spring Harbor Lab. Pre 
ss (1989) ; WgLtt&Wmm r Slsf»^ffiI, IK I 
II J . B^Mt^M (1986) &t"#BSJ . 
[00 1 2] ^fSHJC^vvcMfc^fcld:. 2*ilDNA 

Mb ^r>fc# 1 #«DNA£ ^fn^ttSIgtffl 

Elftft^VADNASr^-tf 2*IDNA, McDN 
A*#tf 1*IDNA (-tryxll) , Mtmgtfr 

fcffl«flWriWI*^rr*i=WiDNA (7*yir^yx 
[0 0 13] *$ftffl(ctJVVC31&Fi:M:, 'J-^ 

U3f ^UsJ-f-Kt LT(4, RNAAVDNAj^WSSn 
DNACticDNA, yVADNASt/MDNA 

[ 0 0 1 4 ] £8, WtmW (SWrP, ( jku ) ^.Tf- 
F) tett. ^tcfcv^TSS!^8H«Ka«^WI^fc:J: 

[0015] ^WMX'\ >3UBE2G1 ji^ti. if 
^^->-iS^-P«U B E 2 G 1 Sr n— h*^£#b h<?)i»£ 

aWfyl^lfU BE 2 G 1 

te^-s* UBE2GH1 n?!i## ltstrsy ess 

t* r UBE2Gl«lj UBE2G1 bWffl 



UBE2G1^0ffi|Hlll(Ctt. ffi^JS-f- 
l(CjS5#lftrSy»BMt1M-ftUBE2GlfcH— 

-f5. -tfvK 77l, ^iMrSrircO 

[0016] ube2gi mfernmmmt lt 

■^JT'S)So aHV^HSKJBJWUr, UB E 2 G ljfi 

Lfcissffi?ij^ wt-s i t «> wr* 3F ycom 

H^ffifflffiffi^rh'Sr^-f-^^ t^T'#S CNcleic Aci 
ds Res. , 9, 43 (1981) ] „ 

[0017] UBE 2 G 1 mix-fit. *%ffllzi DM* 

?toUBE2Gl m.&rFcom.mtimiiz&3^x , — JR 

T"^ ^> [Molecular Cloning 2d Ed, Cold Spring Harbo 
r Lab. Press (1989) ; Wt^K^Smm r afEfi^ 
mi. IK III j . B*£.tt&6M (1986) =Sri;# 

Si] . 

[0018] jiflcweia. u b e 2 g i ae^fttsBSs 

-SrlSML, fg^-^y^y-*^. UBE2G13lfE^ 

a iro - y^et* Sr m v> t fjt a ? o - > s- 

W : 8ii-&Zkt l Z£r)mWX'%& CProc. Natl. Acad. Sc 
i., USA., 78, 6613 (1981) ; Science, 222, 778 (198 

[0 0 1 9] ±iet±iV^-C, cDNAcrmnt LXlt. 
U B E 2 G 1 jttrF * SBfi-f 4#«<0«|fi, ffi^itL 

A^W^RNAW^-il, mRNA(7)#-gt*HM^ cDN 

AffiSimk *Wa~- y^h^rfjx^^mz^ 

t±*JES*iTfcfi'J, ^Bgtfc^-rJi^ix^cDNA 
MiJi'^n— >-T->/^tt (Clontech La 
b.Inc. ) ^fj;t9TfJM$tLT^.g.#«cDNA5-<7-7 

[00 20] UBE2Gljs{ifJcDNA5^f7'7y 

-frt>x7v--y7-thijmi>. fflzsmztvr* m 

[00 2 1 ] ft*(c«fctt, Milf cDNACi-jtSi 
^63S 9 U — — >- y lz £ 0 MJilS-f - S c DNA?n-> 
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[00 22] ZZTm^t?tL&y°V-7'bLXli. UB 

e 2 g i M£r?<om&gMMm-&im& & 1 tr-ft: 
4fc» u b e 2 g i it&p»*affl»aflW8ta6 

[0 0 2 3] MfETn-yj; Lxm^t>ti&Z?V'*j- 

vwm. mm&2t&i)s?httz ? bum 
Tfo-ox. t h i 5McommLtz^m. t&t u< 

tt2 0««3SKtfc«*, ct 0»* L<t43 0fIcOil^ 
LfcigS. ikfcff ± L < i4 5 om<mMLfzimtt-? 

[0024] UBE2G1 itfis^KWKIRLTfi. P 
CRj£ [Science, 230, 1350 (1985)] Ci^DNA/ 
RNAJffli&^JJjiCfflfflTSS. It, 

*^^S»c DNAtmt>tiM\*J: 3 RA 

CEi£ [Rapid amplification of cDNA ends ; ilEUsE 

12(6), 35 (1994)) s f#l£5 '-RACE& [M.A. F 
rohman, etal., Proc. Natl. Acad. Sci., USA., 8, 89 

98 (1988)] &Z<Ogm&WBVi>&. 

[0025] frfrz>pcRmcr>mmt l zmLT&mztiz> 

>f V-l A , #fg BHfc J: -3 T & *» fc S ft*: U B E 2 

g i jtfE^ae?ij-tfffit*^v.-c3asissT^ , i-rua 

[0026] ifc, ±KT1f ^ttl> U B E 2 G 1 imfS? 1 

(Proc. Natl. Acad. Sci., USA. , 74 , 5463 (1977)] 
j^V^ifA— 3r/kK— bg= (Methods in Enzymology, 6 
5 , 499 (1980)] ^t'tft-)t, ifcfSffifctifljflEWS/- 

[0027] *»W*«fti:^6J-tr^-f->1S^»* 
( U B E 2 G 1 ) SttSr^ UfcU B E 2 G 1 mfc^X 

ffltt hmmt (± , b h w\<r>m\sm<r) u b e 2 g 1 
yyAae^tAAWtsa* (aa, am, ftjn, ft 

A) £flD;t.2> <! t (C4 0 , Igjate^^^JJlt^WJ^ 
m L < fcSBtfcT**:!- U B E 2 
G 1 c?)?Sft3&s||«fiUtJf|fflI^saBKfe-r S 
T . ISIlWfcJLt^f f-MS^B* ( U B E 2 G 1 ) vS'fi 

[0 0 28] iit. ^bMfr^fc LTJ4. litf/l' 
£fftf}i"& 3 XT', fflfc^&t^SO'+M 7)Vtim< 



r-J^I-m^A 7*?, b^SA Ar^\ ^SPOWUB 
[00 29 ] ±IBT'^ O U B E 2 G 1 yV^UKftA 
4 9fS«e^Ot£Xia?iJO^£AA-t&;^ a K>-<7) 

•3 4. ±IBA-&&^#I?7}£«A, WitflM h 

X-^i^-f -y 9 ■ 5i-^^y^. [Methodsin Enzymo 
logy, 154 , 350 , 367-382 (1987) ; |S] 100, 468 (198 
3) ; Nucleic Acids Res., 12, 9441 (1984) ; 

mmmi rm&FFmztmij . b*&q&£m. pios 

(1986) ] SrifOiWrfl^W^ffi, 'J yll'JXXf 

/i^'jyirs^ h&crir«ofl^ja#a cj. Am. 

Chem. Soc, 89, 4801 (1967) ; 3350 (1969) ;S 

cience, 150, 178 (1968) ; Tetrahedron Lett. , 22, 18 
59(1981) ; m 24, 245 (1983) ] mf^tLh^M^^ 

[00 30] ±"5^*Wfc:tt, "/7 7*?bW> 

mz. mm* iwfc-r*^bh«?Li!fflii^uBE2G 
v wttiie^ iftas t f -& K^MffiiBe^ft s v ^4 iac 

Z (f3-tf?7bi<'y— b'jtfe^) , CAT (^o^A 

n y«»fc:il&pf5K^S:«ISS-^4 D N Affi^iJ ( Mx. 
{f, polyAftSPv-^;^^) ^#AL, S^^7t 
y^>-RNA^^-c#^<-r^»^tt4-5T*g*W 

t=3te?*w«w* 4 3 (cnasi,/£D n AE5i*^rr4 
d n asi ( tiT, ^-yf-( yy^^-t^-th) 

U B E 2 G 1 itfE^i^S V »|±JE-<?«EcflW)D N ASJUt 

V i{4 ^ -yf -f W>'< ^ ^ -±C0 D N AE^rJ i: ^ —y-f- 
j y?'K? ^-ratfiffl U:UBE2G1 afE^l^h 
^ffiffTfiteS^D N Affi^lJ^7°9-f V— t P C Rmz 
X&mmzJ: 0 U B E 2 G 1 J v MJ#Mfla^S 

[0031] jjetefcvvrffitfWttrf *Jf A-t4*&, 
u b e 2 g 1 atfe^cD^ittaj-ts /sft^asK^— ^ 
-tut «#gt-^fl!!^afE^ &ff A-f s - 1 mm u 

<, i«4 a^rilfE^t LT(4, *:*v-f S'-yKffiKs 
f(neo)»iL< WST* S . - , ffi^m^ 

36** ttz Z b >->■(*) hv^oyr-^xi—y 
T-MG4 18) »ttcoffif#t 4 0 m^Sm b =5r S . § 
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'J r*«ABr^-51fe^ (ITF r D T — A j fc^a ) <04 

-« 5 yy^m&mtiz 4 o tiffitewiAsn. 

All, KiW?PW&ffl*>D N AfflSUKScfcJ: Off 3 £ 

[0 0 3 2]*lBI«lSt^-9t(i, UBE2G1 

— t LTMC l-neo-polyA(MCl TO^t— ^ 

— ( Po 1 yoma vi rus ^Sf^S^ W ^ >"+r— K^Jfc 4 5 
i>> ^ t-tijtfef/nt - ^ — IM** 4. ^ £ y°u ^ — 

) tf>TSttfc*:*v-<f i^Bffite? i:SV4<tt*jKy 
AtfMz/y"-)~)V%:WfeLfti><7) : Thomas, K.R.& Capecch 
i.M.R. : Site-directed mutagenesis by gene targetin 
g in mouse embryo-derived stem cells.: Cell, 51, 5 
03 (1987)). %.Xf*tfr-jy r miR^-A-b Lt\ mc 
1-DT-A (MClTnt-^-OTSCy^f'Jr 
#*Aiffr^fe§^i<50 : Yagi.T.et al . : A novel 
negative selection for homologous recombinants us 
ing dephtheria toxin A fragment: Analyt Biochem. ,2 

14, 70, (1993)) #igmtzMmzti& . 

[0 0 3 3] ±^J*fNZ*3lvC, VWUBE2Glf 
y^a&Fli, #J£fcf^*u<5Db 1UBE2G1 cDN 
Affi^iJ (#HB¥ 9-308492 #<Z> jlJfe^J 7 . ffi^JS 
^■2 3 (b MJBE2Gtf)ORFfH«) Cffi^^rn- 
7"t UvWyADNA?^/? 'J — SrX? »J — x 

[0 0 34] 7W/ADNA7^(7 7!)-«M 

3&fr, WfcIEMi,l990) 100-112 HiE«<o^r&ttS!-5 

tff^t* ! T^, it7WUBE2GlcDNA(7) 
t&afSfi 1 , tW&jE«H,1990 ) 83-99 RR»0flH£fcfl! 

[0 0 3 5] *3t„ 7WUBE2G1R1UBE2 
G 1 tfOfflHU-CS) l> t" 3 ^^-ffifSffi b LT {4 , 7f 
^X— v-3 >• ■ 7V -y H • V-y \?yy" (Radiation 
Hybrid Mapping) K4-?"£\ 7WUBE2GlcDN 
AyU—ycD%£&ifc~?vh°yy"£ft%:\,^ (Cox.D.R., et 

al., Science, 250 , 245-250 (1990)) . YWUBE 



2 g 1 m.m*<7>m&&®tiLb , b hfflraaewfiptr 

[00 36] *3fcV?;*E*Nfflfi'W>»firP#AA t 1 2 

yADNA^n— y<7)]R#tc{4i 2 9/Svv>xi* 

jfyj\^^f y'y U — U15? >1±$l : Stratagen 
e) 2r±ia"C1#^^V>XUBE2G 1 cDNA?n 
-ySrrn-yfc LTffl^S^'4 9#?4 U\ 
[00 37] KU, ±IB^ y^y-J; 9I&2X? 
y^Sr-S-tf^VADNA^n— .Ift^fflWC^ 
—¥t a y^y^—cojfm^tz^izm^b-t^mm^- 

{4. ffilBIffiJsgh LT*2X^V>'±a<0P s t I -Ec 
oRV|lfft-(0.8kb) i54tXT«S«7)Xb a I -E c oR I 
BffK-(9. 5kb) ifciK^T-f fSHRv—X — b LTM 
Cl-neo-polyA(Xh7^y-yttI), ^JjTr 
-^ySiR^-^-i: LTMC 1-DT-A(5^f7f7? 

^■>j^yy)H±m)^^ti^timmL. mmwmt&z 

[ 0 0 3 8 ] ft, *&tf<Oih**?->*£#*3MrF$: 
S#b MMWfJjtCOfc»(©^-yy Nt^S^WUB 
E 2 G 1 yVAafE^ii^< t 6->W*y^ 

4V\ 

[00 39 ] iJcV^T, fflHffiJti^WcJ: DUBE2G 
iaf^$r^^tSitS7U<7)Ef*Mi: fCi4. 

Lfetj Wi>4l\ 

[0040] «itf. ^i/xoij&nmMnms. -mm 
tzit 1 2 9&cr)timfflmmmztL&ti\ ftsswsps 

WfcStGWIHW 1 ^^ Ti^E^rfflfla^BXfft- S =5: if ^ g 
C57BL/67^X^C5 7BL/6(?) 
»IPE<7)^-^- § D B A/ 2 £ 4 0 Lfc B 

DF 1?W (C57BL/6tDBA/2t«F 1 ) 

*M^T»i:Lfcfc«*ift>a#fc:«6fflL»4. bdf 

MtilzmZ-XC 5 7 B L/6-7^X^WfttCWFOO-C, 

itt^M^T#G^ES0ia(i;^ : 5T>l'-7T7XSr# 
tBt/ii:#, C 5 7 B L/67>7Xt a' 7 ^ i>nXtS 
*T'^^afKW#»S C 5 7 BL/6V^Xtc3£;L!>3p 

[004 1 ] 4fc, K(»DI6l*«irt-4«^, -«(c(4 
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[0042] HS$«t?-y^ -f yy<? ^-£>»A 

;L, S/A b ]- L I F (leukemialnhibitory Factor) 

■&mna t . § 6 fc^ffjfiLW . y* u^i/ k„ ?fe&&r 

LTJ4, STO«, ft 

[0043] 7 -y-«^Ml)Kt4. 2.5X1 
0 5 »/m 1 (10ml/100mmtg*IIIL 2ml/35mmi£*jIIL 4 
ml/60mmi#*JnL. 0.5ml /we 11 : 24-well plate^COffiffl) 
tfj?SlU\ bbLI F<93fifl||»Kli, 10 3 a-7b 
/ml 3&S jff & L V WJUiT 4 V ^Jfefflfilfif £»D 

«ISJA, 20%, *?P:*a'Ftf>JfiMftftt4i o~ 3 o 
nMtfjfiLn. ^NMHTSyKfcLTd, Mi.i4\ ^ 

»KU0. lmM^'ifiL^ xi/;io^i/-y 3 y 
54, KWiMlfit-SwaWtJSr* J: a £Mflf%£»»3 

f<.??-%:m}iL. ECM6 0 0 (BTXttD . ft 
U{4^-y^7Mf-(^:* 5 HaW^OjBS^rxU 
? ln^l/-yg>SS:lv\ ftjtfcf 2 70V/1. 
8mm, i/:(i2 5 0v/4mm, M5 0 OjtiFDf 

t L"C(4. PBSf^HtpH^7. Otl^-rSW 

[0044] 9~y : r j >^^9~^mxLt^k. m 
nmrn^imcommx 2 4-48 , 

G4 1 8(^x^-7^ ^y:Geneticin:^f'7"rJBRLa 

»**tr*s*ftkaaw-*. i Brt^sfL^G4 1 8 

»Sl«FlSi:55»U »l3IS|ig£&itlt£. 
[0045] ±M£9— / r'r< >y^7 ?-ZMXLX% 

[0046] i-T, ±K^^MHttE»*HI!a^ti51$ 

[0047] ^VADNA5rtttHa, MRHP£fta£fr 
W T#U-xmMM.m*'fi r>ttfk. UBE2G1IS 

fD NA^7o-/ctfyA/ y y y^f -fe"-^ 3 y £ 



fx 3. ZoLX. ?-¥7-iy7^7 9-<rMK~&®& 

xztin. tnimmwiww b e 2 g 1 ite^- 

tZMZLtztu-yXfo&ZbifmnZtitzZbtt 

[0048] <k^X'£M&CT)3rJ< ymmtiXlfU BE 2 
G 1 mi.T^Wm^tLtzMm.i^^-th V ?yxi> 

[0049] tt\ »*<0Kfc. ^nA»MK#« 

h h . E#Mt4«;t *t; 10-15 fi&Af s„ c:5L 

[00 50] JJBf536TffiCJ:-3TfflRL«HR»&»644 

^^^m^iE^m^st^mt^^tiz^K). * 

*8M»Wf4^^, ^xn^«S|s]±c03iffi^ 4 0 U B 
E 2 G 1 ^Afi^^M^W^afc^^^iiSlttU 

[oosi] ^co4 o izLxn^tifz^xmsmmx 
jftsta!f!flraii*ftou b e 2 g i zxm Lxm, 
t Lxmmx"%&. 

[00 52] UBE2G1 W&FH&Ef&fc*. 

v mmt . u b e 2 g i mmT^^muz 4 0 j£?s& 
u b e 2 g 1 m^^-t^ nmcommzn lx , 

iif. "7-9- d f", 7"^, ^*c, b^y^', -f if , 

[00 53 ] ^BJiOU B E 2 G 1 itg^^^: (UB 
E2Giy 7?77f) #b NWfL»%{4. M^{4ff»^4 
dizLXfEMLtzf-yr-J yf^7 f-Z-rVxfflft 
«&SO(i?77iasaciAL. 9—y 3 r4>^ 
9 9-<rj^wmc£titi\i B E 2 G 1 BWtWMs 

^fflraaaii t i 0 >7^Kiwaft 5 1 ^4 v^xaa 
j&«ifefe*ii^u b e 2 g 1 afs^-t A^xm^-s. i fc tc 

4DUBE2G1 mBFf- ^WM^h i t 5 . 

[0054] UBE2G1 fif^ 

HUMi<50 iatUBE2Gl jlfE^±& & V *JA-eoSfi»<*> 

DNAis?ij^7°n— LJt-^if^^-^ yy y-f -b— >- 
3 ypfffes^ii^-ft-fy^ ^-i(7)DNAffi 
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G 1 mm^M<7)7&{%ffi.mcD D N Affi?fl Sr 77 -f V- b 
Lfz P C R}£^ J; S»?WCf ilSfS £ t h o 

[0055] £fc , UBE2G1 j»S^ S^S'liltS^ 
ZMcO-frmtLX, UBE2Gl<7)«JtjtfE^l^^- 
^-mfS^T«$iX^U B E 2 G 1 %ijt#b hiilftSr 
»S:frffi*%»T^S 0 fS7fffi{CfcV^T(±. 
ae^^'U B E 2 G 1 ^Ta^-^-<7)^g2T^ffffi-r 
§ cr>T\ -iHSW a — ^-f^ WRa&m * b 

9. UBE2Gl7°cr^-^-^g 

&£msit& £ t & . witr u b e 2 g i ^ 

#5? b^r— ( 1 a c Z ) TKftl/O*** 
-£\ B E 2 G 1 eOfBH^ffia-CU BE2G 1 CO 

ftt) "3 -if J 7 V . iot. 01 

£t£5 -/nt-4-?oD-3-^yb'iJ/i/- / 8-# 

7?he77^b' (X-gal) h^* 

StU B E 2 G 1 ^Stl&£ttfl£fctf S^tflffifctlSS 
i b tfEB** . ftfrWtti, U B E 2 G 1 ^»V^7 

xfo&\^i^commm$:7>v?ii>T)i>^f\L v%bxm 
x-g a i t*tr»fiarc, ssiaswi3 7°c 

JlmM E DT A/P B Sllttttl. i t C j; -) 
jJUTJ:^. flBffitaeiU acZ mRNA£maj 

#b MH»i. u b e 2 g i m*-^-*attfl:*i 
WfflTS> *) , u B E 2 G l SBl^fciBEW-ft IPF^Sr 

[00 56] *3ft^H<olKMR*Wt3ejRfc: J: Sf^t 
N7IV, ^S/^^^IIUajMHt^iKBP, is J: 

[00 57] *i±±j£«, .X^^ 

iix*m&)u b e 2 g i mm^xm^xim^m 

[00 58] 



«sffiC«0»jRt=W3rf5fc»I*KK>UB E2G1 £ XSL 

^f)Vb Lx^mzmmx^ & . 

[0059] 

SStWl. 

( 1 ) U B E 2 G 1 i»fK^iK«ffl<^ ?-cr>tim 
Ge nb a n kf&^^ixT V»S V-7XE STC04 1 * 1 
bhUBE2G«e?fie*3-l s ««^>iWltdH 

$SSL. -f-fL^^^— ?iyff- (Gene Codes Corpo 
ration) SrfflWCjiiSLTV^XUB E 2 G 1 cDN 

rfjZ ? K423A12P7 (S«S?4 ) RU4 

2 3A12P8 (ffi#|#^5) Sr-^-figL. Ztt^irTy 
■i~?—b LT"7 r >X#fg^E^5|tc DNA ( Marathon-Rea 
dy cDNA.X h 7 1?^'- SrilMt t^PCRRJS 

MLtz, nt>tltzW.7xi— ySr"7>>XUBE 2G1 c 
DNA?o-yt^t/;„ 

[00 60 ] 7WU B E 2 G 1 COitfe^ii, I^J#-^ 

i t^-r Horsy mmw t>%& zm&z- ^ v 

»6iBISft3-H'^ftORF«W**UTV^S (5 10 
magBM. B^iJS#2) . 5' fciV'3' MK1fi 

Mbs&WMmmmit-stfc dnais^j (12741 

*) *ffi?iJ#^ 3C*t. 177XUBE2G1 cD 
NA^a— ythlUBE2G cDNA^n-ycOffi 

[0061] sc5f x— 2^ b y ■ ^ y U 7 F ■ "7 

yh'y?" (Radiation Hybrid Mapping) V 1 ^ 
XUBE2G1 c D N A ^ D-yi^iM? 7 h' y ^' 
Srfi^^Tt (Cox, D.R., etal.. Science, 250, 245-2 
50 (1990) ) . 

[00 62] m-h, -?iyxT3 1 5fa-y 3 y ■ ^ 

-<7"U 7 F • vn°^/P2t U-f-lr- • ^i^-r-r 7?xa(R 
esearch Genetics, Inc., At, U.S.A.) J; OPAL. M 

423A1 2RH-P375^fV- (aE?lJ#-^6 ) b M 
4 2 3A1 2RH-P 67°5-f V- (IB?lJ^7 ) 

[0063] m423Al 2RH-P375-IV- : 
5' -G ACAAT GAT CT CT ATCGTTG-3 ' 

m4 2 3 A 1 2RH-P677^f7- : 5'-TGTTTACATA 
TAACCTCACC-3' 

^^tLfclgH^^ y^-^-y b±T-ffiffl"It^V7 h-7 
xTCci-^TirWtTt (WI/MIT Mouse Radiation Hybri 
d Mapper (http://www.genome.wi.mit.edu/cgi-bin/mou 
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se#rh/rhmap-auto/rhmapper. cgi ) „ -S-fOjnJR. ~7^X 
UBE 2 G 1 Sfif li^^^^fe^-^-D 1 IMi 
t 3 2 Ojffi»fcffi«U £<9«MHit MIH3t&f 
H-t&m&fkl 7 p 1 3«V^^^fe#:tC^tt^t||l^I 

[0064] ni±<?ytmi!>$>. z<»mm=fttr?*?A<?>u 

B E 2 G 1 Wfc=F Tft £ i: WBf Lfc . 
t 0 0 6 5 ] ( 2 ) y-r < ?—<7)im 
fclUBE2Gllgf cDNAfTO-7'i; LTfflW* 
1 1 2 9 S V/7^^i*yyA5>f /5'J- (Xf7 
?'J—yftM : Stratagene) 'J— — y^t?t*S 

TSS2X^y^±sS«P s t I - E c o RV|ffK-(0.8k 
b) iii^'TjI^Xb a I -E c o R I $rJt(9.5kb) 
£r - 4 ^^i^T-f tUMClNeoP 
o 1 yA (9-f7fy^*yx^;l'taB. 

i: LTMC 1 rn*— fcasiSLfc^ 
7f'J T #» Air^iiS^ (Xl5^y- y|t*) * **L 

Lfc(B2A#JH). 

t 0 0 6 6 ] HS6M2. U B E 2 G 1 ilfe^AJf V/" 

( 1 ) V7XflI>^««±g* 
gBfcH 1 fci ^flL/t^^^U B E 2 G 1 m&&<n9 
-5 £: f'l>y^7?-*mA~tZ>MMbLX, 12 9^ 
v^JEEffi)ia*>^8tA§ii3tJEEff**!JBCCE|* (yw* 
-KA^E.J.RobertsonfScKiDA^) SJflVVfc. 4 

UteSTOfflK (3UKA¥. »*5ci&R«J: 1 5A#) £ 
MV^o EffrKffio r )±g*(3"Teratocarci nomas and embr 
yonic stemcells: a practical approach, p. 71-151, I 
RL Press. Oxford." (E.J.Robertson, 1987) lZ$£~>X 

[0067] y'/K -y rJt&^ — :JOWSil& (5-f7f7 

7f7?^yxy^;HS) S-^M^. INiS 
fc2m;lTpH7.2fc:HSEU £*t£*«P§tfi£ L*r. 

JfiL« (5>f7f7?^ 1 Jxy^ttl) i5it/-^x^y 
yat^X M/7b7^fyy ( ^^50Wi/mlM>*50 

^MfefMt (7JyT-y?*0^y?M±M) , o. 
ImM /3-y/l-#Tr-X;xV-/K 0 . 1 rnM 
HTSyK (54 7f7?* l Jxy^^tl) , 30n 
M7f7yy, 3 0nM/77yy, 3 0nMyfy 
>\ 30nM7'JyA 1 0 nMf 5y> (Eli:, 
y/Yttl) . fcit/ESGRO ( lOOOun its/ml, 7A 
9 HffiR ; AMRAD) fcS^UfcJSflSfcffilBLfc. 



[00 68] STOIK, 1 0 0 mmi§*Jl 1 
91.2X1 05«ffla^«StC»BU 3 BUttiM 

ftU a"3Ji4B»{C2ieiare^ hV4:yyC (lOng/m 

i, ^y^tts) T«satfca, 2.5x1 o 6 «/m 

I ««JST"l#*Iltar (lOral/lOOram ig*M. 4 ml/60 
mm tSftlL 2ml/well :6-well plate. 0.5ml/well :24-we 

II plate) , ^«10A^7-f-^HSIli: LTfl&fflL 
fc. JEHffcMfl&ti 1.5X1 05fflflS/m 1 ««JKT-7 4 - 

SIfla±tCffiat (lOml/lOOmm tS*M. 4ml/60mm 

[00 69] ( 2 ) ^f^7VWMUBE 2Glj»g 

CCEIMlmlOPBS (pH7.0) t3*j»$1*\ 
fMBBXS a 1 I fffftfcJ: 9«*Mfc:Lfc*-4'*r 4 

3.0X1 OMWMBCiALt. «e^»A^ffi 
fflUfc«W«ECM6 0 0(BIX Inc. itS), iffli2 7 
0V/1.8mm4ii:tf5 0 0juFfcLfc. «Af*4 8 
»yi^f-( >->"(Geneticin) (250;uM, df7"r?BR 

vam : GibcoBRt) zmnLx. mmmmtRZ i bp^ 

ftVK 2 16 lfflcoyi^x-f ^yffifttrmx— cD^* 1 
<bl 2 Oy'O-y^HlRt^o itl^M^«^y" 
yi>DNA£rtftU ffi*<505' /□-T', 3' Tn— 
7'fc e om— rfcfflvvtinr y/n hWfJfSr 

tlt,(r)5t>3W (?n— y#^9, 38i3j;tXll5) £C 
5 7BL/6J7>>y;KSa^aAL, ^77>7XS- 

[0070] gp*y iiecoid^y-y-r * y?<,z£*) 

— TJ^OU B E 2 G 1 Wioi&FjWKWStUt CCE» 
&C5 7BL/6«7<7X < B^lyTflaS^ttfc 9 A 

¥ ) JfflffifcfcSEA t . fiaH<o^ffc#* Lfc . - ; 7.C 

CE«1 10—1 5IKALt. *<Tte$k. 26 6 
fflOJK * 1 3 Eati3Rt£&|g L. 3 4 £ »fc . % 

^o^7E^y^v^XT''&o£ (ffi4 
E, lt3E) „ ^77*>X«IhC5 7BL/6J7 
-/-x (B^^PTffi^aiOA^) Oill^Mt3£ffiL 

fcfc;*, at** 77^^t±i^i«^^ 9swibs 
— 7j<7) u b e 2 g i wiaiew^— y-r <f y^'fc 

/\T-n^«M-?r7x (+/-) c7)gli:iiSr3ciet, 
w^ilgf W^t^iSv^x (-/-) 

[ 0 0 7 1 ] m 1 ^t-j; 3 £F 1 ^-7-n-7<>xrHl3Sffi 
Ccj;-oTt#^ti^F2-?'7x«iIfE^S«, 
X (+/+) 64E (H37E. I827E) , ^foX 
1I7^X (+/-) 1 0 8E (2I5 2E, M5 6 

e) . Rx/*^xm.m~?v x {-/-) 5oe (a is 

E, 113 2 E) Xfo*>tz> 
[0072] 
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mi ] 

+/+ +/- ./- 



$ 27 ^6 32 

<f 37 52 13 



^it 64 108 50 



[0073] UBE2G1 ittj^vrn^JSSfv^* 

(+/-) (4jE»t:aj*L. aatfc-wc*-**:. 

£f£6 WiMiCDU B E 2 G 1 jtfc^^flM^X ( - 
/-) Offc£(i»£M (+/+) fcifc^T*&2 0%/Jv3 

3). L^U i^*Kfv^*«l#RIt**^dl® 
v>?x (-/-) tif^Mv^x (+/+) fcTttJMK 

[0074]fHMUBE2Gl Sfs^xn^MS 
-7-7Xc7)^ft|0{i, ^M«0<«TfTjfClTB 1§3^ 

( N I B H ) CTJ« 1 2^8 B 2 4 BtfH"C\ Wffi*&* 
#L^^S'Ji0^a6<5D^ TUBE2G(4 2 3A1 2)» 
fE^tMv^X^^ftlPj 3ttfgf£## r FERMP 
- 1 7 997 j t l/C3f&3*VtV*5 (il*tl#^ : 1 2 
£W3dSl 1 14f) . 

[0075] ussm 3 . afe^ mmm 
«MLt:ism9M<^±m.iz.{sstrt5' y°n-y (s Pe 

I -Sea iWfr, 0.6kb) , &£xmm%W<?>T%&lZfflt? 
S3' y°xi — y (EcoR iHrA". lkb) im^fz <, v^x 

WADN AZfflmWmK p n I "CfflMfc L. f$£ ( Mani 
atis et al. 1990) tf^t tfy/o -y h ■ >M 7" 1 / 

5' 7°n— y£jtti3 ' rn— y^Vv^fUcfc^Ti 2 
lkb«Bf^-fcLT«aiS*t*W(=«UT. ^IlTk 
/Hi 5' 7°n— :/Tli7. 5kb, 3' 7°a-7'T1i 1 
4. SkbcDKWfc LT«il}S;fcfc(02, B). 

[0076] »feM4. y—f yy'u - y bmm 

JE^^XcO^-ffi^fcfcttSUBE 2G 1 m RN A<7) 
fKSli, 7WMTN7'n.yl (?nyf7?tl) £r 

mtPbC&R N Attffifc i tf JK 0 A (+) R N AffSSilS 
[ 0 0 7 7 ] W*>, Sf£SL ^nidftl, St/*^ 
SOGENffi^ : ^-y^yy-VttS) ZmLX^L 



RNA£8&ajU jf'J if'^X-DT3 0 (oligotex- 
DT30 : SSSttS) * fflV^T ^ 'J A (+) R N A ^ fl L 
tz. iO-f'J A(+) RNA 3 u g 5-*;lA7/lfh K?£ 
t=± OmM&i&U A>f*'yFN+ (Hybond N+) -M 
n>M (7*v>-vA ■ 7r/l7y7 ■ jU*"t?%M) 

s^fo^Lfz* ya-y^z^mmm 1 tft^^xu 

BE2G1 cDNAJOiain- Kill£2:fflV^(E?iJ 
tt2)./W7' l J^'fe'-y3>t, 6 5°C. 0.1X 
SSC, 0 . 1 % SD Sj8»tfi T' 1 SftWWfrt 2 0 
fl^fcflL Xi|8:M/KA (3/y?t»: Kodak) tC-8 
0 *CT- 6 . 5 B#|BJ553I£ £?T 3 Jj-— h 9 '5 7 4 — * 

[0078] -ecO^H. 7WUBE2G 1 mRNAii 

1W&J»£flii i t JfF , 1H3 J: tfcMr iftoffittC t 3si < mi 

LTVVfc(04). UBE2GiafE^«"7 r 7X 
5) . L*»U UBE2GlSe^S2x^y>'gP^ 

«!^## i 'im.T , ie^u b e 2 g i s&mmtkz 

ttx^&*zb&#*.t>titi<mi, 6). « 

mthmmmicr>mj b e 2 g 1 *cr-?- K*s**fflv^ 

7iX?>/07 hWf/ftfcvvT. ^^^MMv7xco 
Sl*t^- b BE2G1 m&Mt>miii£tl?j:fr 

-?tzzbfrt>. i <7)ite^ tmm utix w h <= t *oa* 

[00 79] |3tM5. UBE2Gl«iia«« 
HK 

IMJBE2G1 flJSsi_5fiM (hUBE2Gl ) Ji„ pET 
2 1 a^\^^-(yyS'^>a»:Novagen)^fflV^T n> 
tfyhai (^dlS) (Epicurian Coli(S#«S) B 
L21-Codon Plus" (DE3)-RIL Competent Cells (^15 

[0080] CJ&ffibZ 6l<?)tXfyySa (His^ 
r) ^ttltm^UBE 2G lfflMz_M&M (mUBE2G 
1-His) ii. P ET23<;^- (y^s^yftM) ^ffl 

v ^mmco±mmmmx^mLtz . 
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[008 1] fflgii, mUBE2Gl— H i sSrfi^L 
fz±MW*10%>-3m. ImMDTT, 7nf7- 1' 
^fyt b'^— ^ ? t7M i-^V&H : Sigma) £#tf 2 0m 
Mfc h yx-i§|g««M(pH7.5)T'*^x7MXfjL 
(100,000 x 30^Pb1 4°C) LT#^±JfSrN 

i-NTAX-^-70-(Super flow rQIAGENttSD fc 

XUBE2Gl-HIsfflJtx.Sa«) tt, 5 0— 1 0 OrnlVM 5 

?v->vmmz% t>tvk (07). 

[0 0 82] mWM6_ SUBE2G1^.7f Klfls 

JJE«9±5£LTIIIBLfcmUBE2Gl-H i s*§?& 
SrPD- 1 0*7A (T7y^ • 7r/l7yT ■ A>f 
tf^ttl) K775>f U 0.15M NaCl £-Mj- 
5 0mM'J ylSaSflRS (pH7. 0) § •£ S i fc tz x -> 

mM SirC^#L!tNHS-Ygtt-fti-fe^rcr-X4 7 
r-XH7P7(7?yti>. ■ 7r^vi^T • A>f :fr-r 

^a»)tcuai^PD- 1 om&mzmz-. mm:*3 o 

*BKJCS-frfc. &v >t'0.5M h 'J x (p 
H8.0)T-hfriJfttU H«MKK«ffc4iC-C»KUfe. 2 

a^p^f*. o . 5 m mmmmm. (pm. o) to.5M hj * 

-JSKSi«?S(pH8.0)T'3SSt=6[lI^O^L^M. + 
^•i£7)^;K-y n<0U VKSS»£3:l£i£ffi(-) (D-PBS) 

( B7jcM^±M)T« l , mmm xa °cxvmLtz. 

[0083] ffittftSeOfcAbtefcL U B E 2 G 1 itfe-? 
^3-miai«C«l£01 2 6-14 0#lt 
ffl^-TS 1 5 ISO T S JW.fy ^7°^- F (SMLADPNGD 

spanvd. ews^s) *-&j£u ^-vur-aaufct 

"C^— 4^— ;k ■ !JA^7 h • ^^£>-T—> (Keyhole Lim 
pet Heraocyanin: (KLH) (PierceftM) £*fr££-t9ffi!gi: 

[0 0 84] i&mmmzi±m&i/y*y(j<x^ ssb 

»> 233*fflV\ lHllilO 2 5 O^g^fiiMSrftT 

* & v ^aarafcs-s- tfc . ^aia 2 aiai? § t-^tf- 4 m 

frofc. 4HJB<O^Htt<0131iatttc«llL. Jfiim^tlHSf 
LTffiifilJifcL*:. 

[0085] m^ry -mwu*. izrcox 0 

IzLXftifz, mUBE2Gl— Hi s 

£ 0 . 1 mM/'J >->--tM®^«M(pH2.3)T-i5fe^f*. 

D-PBSffffiftLit. :»*7Al:D-PBStl 

yioizmiUzmskmiTTy^ ut. 

ffi Ltzm^MUTTy-i L . -HHfco D-PBsm 

^Ati^gaoo. iM/ijyy-eii*i 

( P H2. 3h -iT"* 5 i» 1*5D¥#<59 D-PBS T'©* 
L£ifctt£J§m$-tf£. *tf)Hg, 77?yaVfi-7 
fcfip HZrpm-t&fztsblZ^-ML?) 1Mb UX-f&lKpH 
8.0)£A*rCfc^ igftf*. BftfcaHttUfc. »frfc 
9^tmUBE 2 G 1 — H i s^Mt LWiXj'y 



7"o-y MBSfSrfrl^ St#:WO&V*7>2rllIiRL,T-fe>' 
MJ3y-100 (Centricon-100: 5 U ;KTttS5S) TiKfiS 
f*, 5 0%^'y-fec?-/Wg?Kfc LT- 2 0°CfcT«#L 

St. 

[0 086]|BiW7_ 7xX^y7n«; MWf 

Mm^i&mztitz-?<yxxcD\j b e 2 g 1 saunas- 
v^^coifF«s«tBa. m^zm^mm^xwrn^. 

9 >J^y°UX (Cryopress) LX . 1 m M E D T 

A, ImM DTT, 2 0%^h*8, 5 0^L^7 
af7-^ybt^-*^f^5:ttf2 0mM Ml 
X - iSK ( P H7 . 5) Mffft fc fc h lz ^ i/ x tM X& , jfi 
»&LT»6*Ufc±»£DEAE— fe7rn-XCL- 

4 Bt'^BL/;. fflfll^S&»^ffl^/mit*^. ub 

E 2 G 1 ii 0 . 1 M NaCl ttfrfc^ffiTS <I fc 

HT7iA^>'707 hjSWSrfr ot(!8, H9h 
[0 087] UBE2Gl*t>:Il7W)±UBE 
2 G 1 m R N ASOfKliilSfe ^tltzifi. HJ4$J4 £33 V> 

ft. jE^UBE2Glga«^ J e^S^V^fc^'-f- 
ISte. SfS*m^Sa, H9fc^t-J;5fc. fiUB 

E 2 G 1 ^Tf- Hffift:JfflV*7xX^y7'n -y IWt 
t\ zhtXfMSv^Xc7)|FF*^ h (,za U B E 

2 g i sa»48KB3*i.-$\ ^ffla *) ;«aef«« 

[0088] n»j8 . mmmm^mmm 

lyxz^-^mMTxmm, myzmmzwMLxzM 
?e§^. m$szmitimz*mm*/v-?v yzm^m 

pMzx 3 BiafflSt/s . T^n-zHJbKa, y i v 

[ 0 0 8 9 ] 9 — 1 1 rflB~? 1 7X(DffimMffl%ft^fz 
fc3&»ttT«i{b&®«)6*ut(BllO, 111. L^L 

ffitfOag^ffi^^Xi 9 fc^;S3&»r>fc. 5ttUBE2 
<?5J«SlI*<B«)6*ifc(Hl 2. Ell 3). 

[0090] »6#y 9 . n&imitmnmm 
w&mftffi^mmi: . rmz^-t ± a 1 2 M>wm^ 

co'WmzJi&xaTitlzX^xft'otz* Wh. is]— wn- 
L , ^ ^ A«W<^KmfcJ6 tT 3 gp e 6 fc^« LT 
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gMfcLfc (TypeO (1114) : 0*. Type 1 (Hi 
5) : IjS, Ty P e2 (016) : 2jS) . 

[0091] mfwcos* i o om^MWkmmLx 
cr>3M (%m-vmm fcot vows Lfc . »4,fut 

fi^FSL x ti*4MR^W [Huynh, H and Feld 

t, L. S. (1976) ; Estimation of the box correction 
for degrees of freedom for sample data in randomiz 
ed block and split-plot designs. ; J. Educational 
Statistics, 1, 69-82) £??V\ POOjtWclSLTfi 
CTukey)«5t (Tukey, J.W. (1949); Comparing 
individual means in the analysis ofvariance. ; Bi 
ometrics 6, 90-114) Zfi-otz* ZCDiSr&cDffiMeD^&M 

XL R6. 12) (c«fc 0«JEUfc. 
[0092] Sf^M ( +/+ ) , ^fnXSI ( +/- ) 
teXXfttXHm. (-/-) «3S«fMftA37l: 
lfclW-*fc, *^^fIM-7^X (-/-) Tit. M£M 
(+/+) ^fn^iiv^x (+/-) iOi 
WKfcBftvxriTj&^ft (Hi 7). .x+ry^AfS 
«3&*f«Sn LTV ^ i t . 

[0093] mmm 1 o. 

SEQUENCE LISTING 
<110> Otsuka Pharmaceutical Co. Ltd. 
<120> UBE2G1 GENE DEFICIENT NON-HUMAN ANIMAL 
<130> 2E400JP 



[ 0 0 9 4 ] tfcffci: LT, F I TCgfiUiV^X I g G 

St#;(20fg«iR. ^"^?±»L fit39-**y-*-rri 

Vffiffc(500fg#lR. LSL*±gJ) . S3?-^- 
I mmiOOm^m. A^S^i^ttlgiBiogenesisL 

i-'g-HU: CHEMICON International^) , ffif'XSy 
VUift <300f&*SL ICN7r-7y^f^M 
S: ICN Pharmaceutical). £fciifit« -^MMTf'f- 
y&fa: a -smooth muscle actin(25fg#f?, VaflM: 
DAK0)£fflV>T. F I TCffsKKv^X I gGK*^ 
^4fi3(2ii*StT, ^«W«^iVECTA 



STAIN E ABC^f7 N(VECTORaM)Srffl^/;g 
[00 9 5] %<?M$k. U B E 2 G 1 ^tXiiV'?^ 

[0096] 

[K?|JH3 



<160> 9 
<210> 1 
<211> 170 
<212> PRT 
<213> Mouse 
<220> 

<223> Ubiquitin Binding Enzyme (UBE2G1) 
<400> 1 

Met Thr Glu Leu Gin Ser Ala Leu Leu Leu Arg Arg Gin Leu Ala Glu 

15 10 15 

Leu Asn Lys Asn Pro Val Glu Gly Phe Ser Ala Gly Leu He Asp Asp 

20 25 30 

Asn Asp Leu Tyr Arg Trp Glu Val Leu He He Gly Pro Pro Asp Thr 

35 40 45 

Leu Tyr Glu Gly Gly Val Phe Lys Ala His Leu Thr Phe Pro Lys Asp 

50 55 60 

Tyr Pro Leu Arg Pro Pro Lys Met Lys Phe He Thr Glu He Trp His 
65 70 75 80 

Pro Asn Val Asp Lys Asn Gly Asp Val Cys He Ser He Leu His Glu 
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85 90 95 

Pro Gly Glu Asp Lys Tyr Gly Tyr Glu Lys Pro Glu Glu Arg Trp Leu 

100 105 110 

Pro He His Thr Val Glu Thr He Met He Ser Val He Ser Met Leu 

115 120 125 

Ala Asp Pro Asn Gly Asp Ser Pro Ala Asn Val Asp Ala Ala Lys Glu 

130 135 140 

Trp Arg Glu Asp Arg Asn Gly Glu Phe Lys Arg Lys Val Ala Arg Cys 
145 150 155 160 

Val Arg Lys Ser Gin Glu Thr Ala Phe Glu 
165 170 

<210> 2 
<211> 510 
<212> DNA 
<213> Mouse 
<220> 

<223> Ubiquitin Binding Enzyme (UBE2G1) 
<400> 2 

atgacggagc tgcagtcggc gctgctactg cgaagacagc tggcagaact caacaaaaat 60 
ccagtggaag gcttttcagc aggtttaata gacgacaatg atctctatcg ttgggaagtc 120 
cttattattg gtcctccaga tacactttat gaaggtggtg tttttaaggc tcatctcact 180 
ttcccaaaag attatcccct ccggcctcct aaaatgaaat tcattacaga gatttggcac 240 
ccaaatgttg ataaaaatgg tgatgtttgc atttctattc ttcatgagcc tggggaggat 300 
aaatatggtt atgagaagcc agaggaacgc tggttaccta tccatactgt ggaaaccatc 360 
atgattagtg tcatttctat gctggcagat cctaatggag actcacctgc aaatgtagat 420 
gctgcgaaag aatggaggga agacagaaac ggagaattta aaaggaaagt tgcccgctgt 480 
gtaagaaaaa gccaagaaac tgcttttgag 510 
<210> 3 
<211> 1274 
<212> cDNA 
<213> Mouse 
<220> 
<221> CDS 

<222> (399) . . . (908) 

<223> Ubiquitin Binding Enzyme (UBE2G1) 
<400> 3 

gaggggtcgg gctagcagga gtgctgcttc tgaaggaggc aggctcatgt cgcttgcgcg 60 
gagcggccct gcgcgcagtg acgcagtggc gggggaaggc accggtgggg ccgacgggcg 120 
ggcagaggag ggaagcgggc gagcgaagtc ccagatgcgc gccgcggcgg cccgggtacc 180 
ctctccttcc gggcgtgagg cgctgagcga ggaaaggaaa gccgagcgag atcttcgcat 240 
aggcggcgag gtgcttctcg ggtctcccaa gaccggcctc cccgcggctt cggcgctccg 300 
gtccgggttc ctcaacacac atctagctcc aggcaccggc agagcttgtc gccagtccgt 360 
cgaagtcccg gtggcggccc gggctctcgg tggggaggat gacggagctg cagtcggcgc 420 
tgctactgcg aagacagctg gcagaactca acaaaaatcc agtggaaggc ttttcagcag 480 
gtttaataga cgacaatgat ctctatcgtt gggaagtcct tattattggt cctccagata 540 
cactttatga aggtggtgtt tttaaggctc atctcacttt cccaaaagat tatcccctcc 600 
ggcctcctaa aatgaaattc attacagaga tttggcaccc aaatgttgat aaaaatggtg 660 
atgtttgcat ttctattctt catgagcctg gggaggataa atatggttat gagaagccag 720 
aggaacgctg gttacctatc catactgtgg aaaccatcat gattagtgtc atttctatgc 780 
tggcagatcc taatggagac tcacctgcaa atgtagatgc tgcgaaagaa tggagggaag 840 
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acagaaacgg agaatttaaa aggaaagttg cccgctgtgt aagaaaaagc caagaaactg 900 
cttttgagtg atgtttattc aatagttagt aacttcactt atttcagggt ctccaattga 960 
gaaacatggc actgtttttc ctgcactcta cccacctatt gctggacttc tgttgtaata 1020 
agttggcaag ctctggctgg aactgggctg caataaaaca tgccagtcat taatgctgac 1080 
aagagcctaa caagtgccaa ctaaagatga ttacgcattt tgaattctaa tgaactgttt 1140 
taactttcag gaagaattgt aaagacatgt acatagcaca acatgatccg gataatatat 1200 
atactgttca tgtacatcca caaacacacc ttgtaccaaa taatgctttc ttgtagtaga 1260 
ataagaatcg tgta 1274 
<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> primer 

<223> primer 423A12P7 

<400> 4 

ctgaaggagg caggctcatg t 21 
<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> primer 

<223> primer 423A12P8 

<400> 5 

tggtacaagg tgtgtttgtg g 21 
<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> primer 

<223> primer M423A12RH-P3 
<400> 6 

gacaatgatc tctatcgttg 20 
<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> primer 

<223> primer M423A12RH-P6 
<400> 7 

tgtttacata taacctcacc 20 
<210> 8 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> 

<221> 
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<223> Antigen 
<400> 8 

Ser Met teu Ala Asp Pro Asn Gly Asp 
1 5 

[01] UBE 2 Gim^M (intact) tXtmM (muta 
nt) cr>MiK=Fcr>ffimmT$>&„ 

[02]0Ai3, UBE 2 G1M£M (Intact Al lei 
e) fcfflHffi&;it;iS^itM(Mutant Allele)^*— 
^TM y^'X^^ 7 — (Targeting vector) <T>WMWTCh 
So HBfi. mtM3fc*J^TUBE2Glite 

£<+/->, *^as(-/-)) zmnLLtzmm^-tm 

[03] S'ffiM^^X (+/+), UBE2Gli«g^\. 
T-oXJMMv>X (+/-), UBE2G1I&F*«: 
JiMv^X (-/-) <9#*<93Ete£gi$Wfc;*!t 

[04 ] V^XO^ilitfcitl. UBE2GlmRN 

[05 ] ube 2 g i m^xm^^mmte&ifz, 

fn^Hv)X(+/-) . AtftftKSMvXXt-/ 
[06] UBE2GlIfif^'f'f >?lz£'9±t 

fz&mr 5 y b»j t test s y t * Jttu LfcH 

[07 ] 7WUBE2G1 -H i sSMsLS&HeO^S 
[08] mUBE2Gl'<y°j-vmmz£Z,~?'>7XmM 



Ser Pro Ala Asn Val Asp 
10 15 

d e a e mfrcou b e 2 g i wttaasst^tHBrc* 

4. 

[09] UBE2Glif£M(wild), "vf- n; XHS(het 
eroh St^^SS (KO) V^XfcTOtvC, UBE 2 

g i ^co^s^**i**-r0-e*-s<, 

[010] UBE2G1 *^^MV>XC7)^M 
<73ffi»0T"$>l>« 

[0113UBE2G1 ^XflSN^Xc^CJ 
[012] UBE2G HF£Sh<">.X(9*Hlfr)<73W#: 
[013] UBE2G1*^»±MV'XX(9^§&) 
[014] jEfKrIF*****-* - (TypeO : 

[015] ff*a?#:^gi5^e^y^y^^i,^wwtiM 

*^-T (Typel : X3T1 ift) » ^J^IfsfeSWMiR 

[016] p^^^w^y-y-y^'^i.swotiM 

Sr^-T (Type 2 : XaT2fH) . V^X«^*If#c®lff 
ffi^fflii0T'^4„ 

[017] UBE2G lSf£S(+/+K ^f-nXfMSy 
(+/-). Rtftf^SSffl (-/-) V^fcOWt, W 



[01] 



[05] 



»xon 1 exon 2 exon 3 exon 4 exon 5 exon 6 



Intact 



IritactmRNA 



UBE2G1 



exon 1 MCl-nso exon 3 



oxon 4 exon 5 exon $ 



Mutant 





W 
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[02] 
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[03] 




[04] 



[017] 



7C?XM*a«lCfelt4 UBE2G1 mRNA (n»3a 



A [Female] 



B [Male] 



UBE2G1 



(kb) 

A5- 
4.4- 

2.4- 

1.35- 



/ 




3 




+/+ V- "/- +/+ :/- 

AN OVA Turky tost *P<0.05 ***P<0.01 
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[06] 
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[07] 




1. MW marker 

2. £ coli lysate 

3. Supernatant 

4. Precipitate 

5. Pass fraction 

6. Wash fr. 

7. 20mM imidazole fr. 

8. 50mM imidazole fr. 

9. lOOmM imidazole fr. 



[08] 
pi 

10 9876543 
I I I I I I \ I 
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[09] 

UBE2G1 wild, hetero. KO^frX(DUBE2Gt^<Pffea«ff 

Wild Hetero KO "UBE2G1 
(kDa) recombinant 




[Ell 0] 



(£1)502-119170 (P2002-119170A) 
[01 1 ] 




[HI 2] 



m 2 ) ) 0 2- 
[013] 



119170 (P2002-119170A) 




[114] 




Type 0 



(£3) )0 2- 
[015] 



119170 (P2002-119170A) 




Type 1 

CHI 6] 




Type 2 



^amigftTffJI|WfST»ft377- 1 -1301 tm«^&lWlFWWft284- 2-502 

(72)%BJ* frU JESS (72) WJ&i «H fiW 

tSftSffifttfiJl [PW£|505 - 157t-l/ Sft»U,IFW»*Hr*i* i F : |ffJl|S556- 3 

2-107 -201 

(72)?&0#& *oj scij mwm mmm 

«ftJS«ft-mjl[rtliir^ta900-16 «ft«WF^tm«BTM;ff^?EH282- 5 

(72)fMB# #p F?-A(##) 4B024 AA01 Mil BA07 CA04 DA02 
ffiftSlgftTtJjl[rtUrr^|S]5 - 1 HA11 
2 - 706 4B050 CC03 DD07 LL03 



